We previously found that genetic polymorphisms in gene coding for histamine H 4 receptors were related to the risk and malignant degree of breast cancer. The roles of polymorphisms in other histamine-related genes, such as histidine decarboxylase (HDC), histamine N-methyltransferase (HNMT) and histamine H 3 receptor (HRH3), remain unexplored. The aim of this study is to analyze the clinical associations of polymorphisms in HDC, HNMT and HRH3 with breast cancer. Two hundred and one unrelated Chinese Han breast cancer patients and 205 ethnicity-matched health controls were recruited for casecontrol investigation. Genomic DNA from the participants was extracted and 5 single nucleotide polymorphisms (SNPs) in HDC, HNMT and HRH3 were genotyped. We found that polymorphisms of HNMT and HRH3 were irrelevant with breast cancer in the present study. However, the T allele of rs7164386 in HDC significantly decreased the risk of breast cancer (adjusted odds ratios [ORs], 0.387; 95% confidence intervals [CIs], 0.208-0.720; P = 0.003). Furthermore, for HDC haplotypes, the CG haplotype of rs7164386-rs7182203 was more frequent among breast cancer patients (adjusted OR, 1.828; 95% CI, 1.218-2.744; P = 0.004) while the TG haplotype was more frequent among health controls (adjusted OR, 0.351; 95% CI, 0.182-0.678; P = 0.002). These findings indicated that polymorphisms of HDC gene were significantly associated with breast cancer in Chinese Han population and may be novel diagnostic or therapeutic targets for breast cancer. Further studies with larger participants worldwide are still needed for conclusion validation.
Introduction
It is now gradually recognized that histamine and its related proteins (synthesis and catabolic enzymes or different types of receptors) play important roles in many aspects of breast cancer. For instance, the histamine concentration in neoplasmatic tissues of breast cancer patients was found to be higher than that in unchanged tissues of healthy controls and the activity of histidine decarboxylase (HDC), the only enzyme that catalyzes the formation of histamine, was believed to be related to this phenomenon [1] . Furthermore, knocking out HDC was suggested to result in decreasing breast tumor growth in mice [2] . Additionally, one of the histamine catabolic enzymes, histamine N-methyltransferase (HNMT), and histamine H 3 (HRH3) and H 4 (HRH4) receptors were also closely involved in proliferation and differentiation of breast cancer according to recent investigations [3] [4] [5] . Therefore, these histamine-related proteins may be important diagnostic or therapeutic targets of breast cancer and clarifying their relationships with breast cancer risk and development will be one of the important topics in this field.
Meanwhile, certain single nucleotide polymorphisms (SNPs) in genes that encode the abovementioned histamine-related proteins (i.e., HDC, HNMT, HRH3 and HRH4) were reported to affect the gene expression and function and were associated with risks of diseases [6] [7] [8] [9] [10] . Therefore, with respect to the notion that genetic factors contribute greatly to the risk and development of breast cancer [11] [12] , polymorphisms of HDC, HNMT, HRH3 and HRH4 are likely to be also associated with breast cancer risk. In our previous investigation, we have found that variants of HRH4 gene were significantly associated with the risk and malignant degree of breast cancer in Chinese Han populations [10] . However, the associations between polymorphisms of HDC, HNMT, HRH3 and susceptibility to breast cancer are still unknown so far and need to be elucidated.
Based on this background, the goal of the present study was to further demonstrate the relationships between certain tag-SNPs or previously reported positive SNPs of HDC, HNMT and HRH3 and breast cancer risk using case-control method among Chinese Han population in order to provide better insights into the risk and development of breast cancer.
Materials and Methods

Subjects
Two hundred and one randomly selected patients with breast cancer who were admitted to Kunming General Hospital of Chengdu Military Region between 2009 and 2013, and 205 unrelated healthy individuals who had no known medical illness or hereditary disorders and who were not taking any medications were included. Patients who had comorbidity, such as diabetes mellitus, hypertension or any endocrine disorders were excluded from the present study. All of the participants were Han Chinese women living in Kunming city and nearby. Principal clinical characteristics, such as age at diagnosis, body mass index, and menopausal state, were obtained from the interviewer-administered health risk questionnaires. Menopausal status was defined as the date of last menses followed by 12 months of no menses. The clinicopathological variables and prognostic factors, i.e., tumor size, histology, clinical stages, lymph node involvement, hormone receptor (including estrogen receptor and progesteron receptor) status, HER2 status, and p53 status, were obtained from the patients' medical records. The histologic determinations, including tumor type and disease stage, were performed according to the World Health Organization criteria and the TNM classification system, respectively.
The study protocol is conformed to the ethical guidelines of the Declaration of Helsinki, and was reviewed and approved by the Ethical Committee of Kunming General Hospital of Chengdu Military Region. Statement of informed consent was obtained from all participants after full explanation of the procedure.
Genotyping Assay
Genotyping experiments were performed as previously described [10] . Briefly, the blood samples were collected into tubes containing ethylenediaminetetraacetic acid and stored at 280uC until analysis. Standard phenol-chloroform extraction method was used to extract genomic DNA from whole blood. DNA concentration was measured by spectrometry (DU530 UV/VIS spectrophotometer, Beckman Instruments, Fullerton, CA, USA). Five SNPs in HNMT, HDC and HRH3 (i.e., rs11558538, rs7164386, rs7182203, rs3787429 and rs3787430) were genotyped in this study by Sequenom MassARRAY RS1000 according to the standard protocol recommended by the manufacturer [13] . Sequenom MassARRAY Assay Design 3.0 Software was used to design Multiplexed SNP MassEXTEND assay [13, 14] . The primers used for the 5 SNPs are listed in Table S1 . Sequenom Typer 4.0 Software was used to perform data management and analyses [13] [14] [15] .
Statistical Analysis
Statistical analyses were performed with SPSS 18.0 for Windows (PASW Statistics, SPSS Inc., Chicago, IL). A two-sided P value ,0.05 was considered statistical significance for all tests. Bonferroni's corrections were used for multiple comparisons. Each SNP frequency in control subjects was tested for departure from Hardy-Weinberg Equilibrium (HWE). Student t test, Chi-square (Pearson's x 2 ) test or Fisher's exact test, and unconditional multivariate logistic regression analysis adjusted for age, menopausal state and body mass index (BMI) were used where necessary. Odds ratios (ORs) with 95% confidential intervals (CIs) were used to assess the associations between genotypes and breast carcinoma risk or clinical variables.
Results
Participants' Characteristics
Descriptive statistics of both the case and control groups are given in Table 1 , which shows significant difference regarding the BMI (P = 0.017) but no significant differences in age and the distribution of menopausal state (P = 0.262 and 0.611, respectively) between the 2 populations. Considering that variables of age, menopausal state and BMI may affect the development of breast cancer, these characters were adjusted further for any residual confounding effect in later multivariate logistic regression analyses. Most patients were diagnosed with clinical stage 1 or 2 (78.6%) and with ductal invasive carcinoma (87.6%) of breast origin. Furthermore, 58.0% of the patients were lymph node metastasis carriers.
Distributions of Genotype and Allele between Breast Cancer Patients and Health Controls
The distributions of genotype and allele frequencies of the 5 selected SNPs in breast cancer patients and health controls are listed in Table 2 and 3, respectively. We first performed HWE test, which revealed that none of the genotype distributions for the health controls differed significantly from those expected under HWE (P = 0.561 for rs11558538, 0.082 for rs7164386, 0.569 for rs7182203, 0.891 for rs3787429 and 0.056 for rs3787430). The minor allele frequencies (MAF) of the selected SNPs in control group were 0.039 for rs11558538, 0.095 for rs7164386, 0.090 for rs7182203, 0.324 for rs3787429 and 0.149 for rs3787430 (Table 3 ). In the following association analysis, we found that there were no significant associations between breast cancer risk and polymorphisms in HNMT and HRH3 genotypes before or after adjustment for age, menopausal state and BMI (Table 2) in the present population, which were in accordance with the allele data ( Table 3) . As for HDC gene, we found that the frequency of the heterozygous variant CT genotype of rs7164386 in breast cancer case group was significantly differed from control group at Bonferroni-corrected P level of 0.01 (0.05/5 SNPs) before adjustment for age, menopausal state and BMI (unadjusted OR, 0.381; 95% CI, 0.193-0.753; P = 0.006) and that the difference still remain significant after further adjustment (adjusted OR, 0.402; 95% CI, 0.201-0.802; P = 0.009; Table 2 ). Furthermore, the T allele of rs7164386 also exhibited significantly different distributions between case and control groups and acted as protective effect against breast cancer (adjusted OR, 0.387; 95% CI, 0.208-0.720; P = 0.003; Table 3 ). While for rs7182203 in HDC, no association with breast cancer risk was observed according to both genotype and allele distributions data (Table 2  and 3) .
For polymorphisms in HDC and HRH3 in the present study, two independent tag-SNPs were selected from each gene. In order to further investigate their relationships with breast cancer risk, haplotype association analyses were performed. As shown in Table 4 , for HDC haplotypes, the CG haplotype was more frequent among patients with breast cancer and may act as a potential risk factor of breast cancer after the adjustment (adjusted OR, 1.828; 95% CI, 1.218-2.744; P = 0.004); while the TG haplotype was more frequent among health controls and may be protecting factors (adjusted OR, 0.351; 95% CI, 0.182-0.678; P = 0.002). However, all the haplotypes of HRH3 were found not to be significantly associated with breast cancer risk at the corrected P level of 0.00625 (0.05/8 haplotypes).
Association between Genotype Distribution and Clinicopathological Parameters in Patients with Breast Cancer
Then, we further analyzed the genotype distributions of the 5 SNPs according to different clinicopathological parameters. Table 5 shows the correlations of clinicopathological parameters and the 2 HDC polymorphisms in breast cancer patients. There were no statistical significances on the associations between genotype distributions of rs7164386 or rs7182203 and all selected clinicopathological parameters at the corrected P level of 0.01 (0.05/5 SNPs) in the present study. Although the CT+TT genotypes of rs7164386 were a little more frequent in patients with low clinical stage (grades 1-2) or without lymph node metastasis, indicated by unadjusted P value (0.044 and 0.046, respectively) that were less than 0.05, there were eventually no association between the genotype distribution of rs7164386 and clinical stage after the adjustment (adjusted P = 0.249). However, the significance of the association between the genotype distribution of rs7164386 and lymph node metastasis still lay in a critical strip after the adjustment with P value (adjusted P = 0.037; OR, 0.193; 95% CI, 0.041-0.903) less than 0.05 but greater than 0.01 (the corrected P level) (Table 5) . Additionally, the same analyses on the rest 3 SNPs (rs11558538, rs3787429 and rs3787430) were also performed with data shown in Table S2 ; and no statistically significant associations regarding these SNPs were observed in the present study.
Discussion
Gene polymorphisms of HDC, HNMT and HRH3 have already been found to result in expression and functional changes of the proteins and hence to be associated with many kinds of diseases [7] . Therefore, genes that encode HDC, HNMT and HRH3 are rationally considered as candidate genes associated with development of breast cancer that is believed to be a multiple gene-related disease and whose development was previously reported to be affected by these molecules [1, [3] [4] [5] . According to our present data, although no associations between polymorphisms of HNMT or HRH3 and breast cancer were found, one polymorphism (rs7164386) of HDC did play certain roles to affect the disease in a Chinese Han population, which may be novel findings regarding the pathogenesis of breast cancer.
As for SNPs selection, rs7164386 and rs7182203 are tag-SNPs that captured the majority of known common variation in HDC while rs3787429 and rs3787430 are the only 2 tag-SNPs in HRH3 according to data of Chinese Han population from HapMap (http://www.hapmap.org). Meanwhile, the rs11558538 in HNMT is also a generally investigated SNP in previous investigations [9, [16] [17] [18] . Therefore, these 5 SNPs were selected in our study. For characters of the control groups, the MAF of the selected SNPs in control group (Table 3) were close to the HapMap data (http:// www.hapmap.org) and also previous studies on East Asian populations [8, 9] . Moreover, the HWE tests showed that the genotype distributions of these SNPs in control group were not deviate from HWE. Thus, the population in control group consists of a representative population sample for the present case-control study. HDC is the key enzyme for histamine synthesis and alteration of its activity leads to changes of endogenous histamine levels. Previous investigations found that genetic polymorphisms of HDC contributed to certain kinds of histamine-related diseases such as allergic rhinitis and age at natural menopause [6, 19] . In line with these reports, our present study further observed the significant association between variants of rs7164386 in HDC and breast cancer risk according to both genotype and allele association analyses in current population, indicating that either this tag-SNP or other SNPs captured by rs7164386 within HDC alter the expression or function of HDC. More interestingly, the positive tag-SNP (rs7164386) found in the present study is located in the same linkage disequilibrium block as rs2073440 (See Figure S1 ), which is a nonsynonymous polymorphism and was found to be significantly associated with risk of developing rhinitis [19] . These findings strongly indicate that polymorphisms in this block of HDC may result in expression or functional changes of HDC although the underlying mechanisms need to be further elucidated. While for association analysis between rs7164386 and lymph node metastasis, the significance was not statistically meaningful after adjustment at the corrected P level. However, the OR (0.193) and 95% CI (0.041-0.903) values did indicate protecting effect of CT and TT variants against lymph node metastasis of breast cancer (Table 5 ). These findings are rational since endogenous histamine levels were found to be relevant to epithelial-to-mesenchymal transition and metastasis in cancer cells [20, 21] . Based on this background, the relationship between variants of HDC and metastasis of breast cancer may not be neglected. The relatively small sample size in our present study with increased type II error, which is an intrinsic limitation of the present study, may be one of the reasons for these results. Populations with larger sample sizes as well as meta-analyses are needed to further clarify this issue.
While for histamine degradation enzyme HNMT, we selected a nonsynonymous polymorphism rs11558538 in the present study. However, we did not find any significant associations between this SNP with breast cancer. One possible reason is that this nonsynonymous variant may not be strong enough to affect susceptivity of breast cancer in Chinese Han population although it is connected with lower HNMT activity both in vivo [22] and in vitro [23] . Another reason may be that HNMT is probably not the main histamine degradation enzyme in breast cancer tissues. Besides HNMT, diamine oxidase (DAO) is another enzyme involved in metabolism of histamine. It is reported that HNMT mainly catalyzes the inactivation of intracellular, while DAO scavenge extracellular histamine [9, 17] . Therefore, polymor- phisms in DAO/ABP1 gene may also contribute to breast cancer risk.
Previous studies found that the levels of HRH3 expression was significantly higher in breast cancer tissues compared with benign tissues and activation of HRH3 led to increased proliferation and migration of breast cancer cells [4] , and that rs3787429 and rs3787430 were potential genetic markers for predicting the therapeutic effect of risperidone also in Chinese Han population [8] . It is noteworthy that the genotype distributions of these 2 tagSNPs in the present study are in highly accordance with the previous report [8] . As HRH3 is a relatively small gene (5.3 kb) and rs3787429 and rs3787430 are the only 2 tag-SNPs within HRH3 according to HapMap data, it was our hope to find their associations with breast cancer. However, variants of rs3787429 and rs3787430 were found not to be associated with breast cancer, which indicates that polymorphisms of HRH3 may either be minor variants for breast cancer or not affect the expression or function of HRH3. The molecular bases for these results are unclear yet and studies related to the effects of rs3787429 and rs3787430 on expression and activity of HRH3 are greatly warranted to clarify the underlying mechanisms.
In summary, our present study found for the first time that the variants of rs7164386 genotypes of HDC gene are significantly associated the risk of breast cancer while polymorphisms of HNMT and HRH3 might be irrelevant with breast cancer in Chinese Han populations. The polymorphisms of HDC gene may be novel biomarker for personal treatment of breast cancer.
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Figure S1 Linkage disequilibrium plot of the SNPs in the HDC gene based on the measure of normalized linkage disequilibrium deviation according to data of Chinese Han population from HapMap.
(TIF) 
